Objectives: This study aims to investigate trends of cardiovascular disease (CVD) risk factor profiles over 17 years in percutaneous coronary intervention (PCI) patients at the Mayo Clinic.
INTRODUCTION
Cardiovascular disease (CVD) is the one of major cause of mortality and morbidity in the world. CVD made up to 17.3 million of global deaths in 2008, among which 7.6 million were due to coronary heart disease (CHD). In 2007, one-quarter of all deaths in the US originated from heart diseases, nearly 700 000 deaths in one year. CVD mortality and morbidity are also increasing due to sociodemographic, economic, and lifestyle transitions in developing countries [1] . However, CVD mortality decreased over 20 years, likely caused by a decrease in smoking and consumption of saturated fat, improved control of cardiovascular risk factors (cvRF) in general and clinical treatment of acute coronary disease in developed countries [1] . However, morbidity continued high rate and CVD is nevertheless the one of major cause of premature death in developed countries [2] .
CVD have been related to many risk factors, and about 75% of CVD can be caused by traditional risk factors [3] . Although, in the overall population, the prevalence of cvRF have declined during the past 30 years [4] , there is a vague information on the temporal trends of cvRF profiles [5] , especially among patients referred for a percutaneous coronary intervention (PCI). The recognition of trends in cvRF profiles is important, especially as the current risk prediction models such as the Framingham risk score (FRS) are based on risk profiles from decades prior.
Thus, the purpose of this study was to investigate the trend in cvRF and the FRS in patients undergoing PCI in the hospitalbased registry over a 17-year period. Temporal trends in the medical treatments used as well as the usefulness and predictability of the FRS in patients undergoing PCI were evaluated.
METHODS

Patients Selection
We analyzed data of all PCI patients included in the Mayo Clinic PCI Registry in Rochester, Minnesota from January 1, 1994 to December 31, 2010 were included in this study. Patients undergoing PCI were prospectively followed in the registry that collected demographic, clinical, angiographic, and procedural data. Immediate and in-hospital events were recorded, and each patient was surveyed by telephone using a standardized questionnaire at 6 months and 1 year after the procedure, and then annually. The supervisor of this registry audited 10% of all records for data integrity. Relevant clinical information was abstracted from medical records. For patients who underwent multiple PCIs within a single hospitalization, only the first PCI of that hospitalization was included. This study was approved by the Mayo Clinic Institutional review board, and patients who denied use of their records for research were excluded (n=530, 653 hospitalizations). During the study period, 26 172 PCI hospitalizations of 20 711 unique patients were performed. After exclusion for patients who refused authorization of their records, 25 519 hospitalizations were included for analysis.
Collected Information
Data retrieved from the PCI Registry included general characteristics (hospital ID, date of the PCI, age, sex, and family history of heart disease) and cvRF profiles (smoking status, presence of diabetes mellitus [DM], hypertension, hypercholesterolemia, height, and weight) [6] . Medicine use at baseline (within 3 days before the PCI) and at discharge was recorded if patients were taking aspirin, β-blocker, angiotensin converting enzyme (ACE) inhibitor, or any other lipid lowering drugs. Hypercholesterolemia was defined as a history of higher than 240 mg/dL for total cholesterol. Hypertension was defined as a documented history of hypertension that was being treated with medication. A patient was considered to have a history of myocardial infarction (MI) if MI occurred at least 7 days prior to PCI. Cholesterol and blood pressure (BP) values were retrieved from electronic medical records. BP values within one year prior to PCI were deemed acceptable; if multiple measures were found, the measure occurring on the date closest to PCI was recorded. BP values within one year prior to PCI were acceptable; if multiple measures were found, the measure occurring on the date closest to PCI was recorded. Cholesterol values within 2 years and prior to 2 months post PCI were acceptable; the maximum value (minimum for high-density lipoprotein cholesterol [HDL-C]) recorded closest to the PCI was recorded in the event of multiple measurements. These data were used to calculate the estimated risk of CVD using the FRS sheet [7] , and cvRFs were treated as absent if data required for calculating the FRS were missing.
Statistics
Continuous variables are presented as mean±standard deviation or as median (interquartile range, Q1, Q3). Discrete data are presented as frequencies and percentages. Patients were stratified into three groups of 5-year intervals based on the date of the PCI to analyze trends among variables. The three groups included patients who had a PCI in 1994 to 1999, 2000 to 2005, or 2006 to 2010, respectively. Analysis of variance with a linear contrast analysis was used to assess the trend among continuous variables, and the Cochran-Armitage trend test was used for comparison of proportions in the total population as well as within gender subgroups. Additionally, using linear regression for continuous variables and logistic regression for binary variables, we tested whether an interaction existed between gender and time to understand if the linear trend over time for men and women was identical. 
B
All statistical analyses were performed with SAS version 9.2 (SAS Inc., Cary, NC, USA). All tests were 2-tailed with a significance level of 0.05.
RESULTS
A total of 25 519 underwent a PCI at the Mayo Clinic and gave permission for follow-up from 1994 to 2010. The clinical characteristics and the FRS 5-year trends of the 25 519 patients in the 3 periods are presented in Supplemental Table 1 . The number of patients who underwent a PCI initially increased from 1994 to 1999, then plateaued from 2000 to 2005, and finally decreased from 2006 to 2010 (p for trend<0.001). For the total population, the mean age was 66.5±12.1 years, and 18 068 (71%) patients were male. The mean age when patients received a PCI slightly increased across each interval (p for trend<0.001), but males still comprised the majority of patients throughout follow up (p for trend =0.520).
BP and lipid profiles improved for the patients who received a PCI most recently (p for trend<0.001); however, body mass index (BMI), hypercholesterolemia, hypertension, and DM showed an increasing trend (p for trend<0.001). Ten-year CVD risk and the FRS increased from 1994 to 1999, decreased from 2000 to 2006, and then slightly increased from 2006 to 2010. In men and women, the FRS and 10-year CVD risk tended to decrease over time (p for trend<0.001 for all). However, the FRS was higher in women than that in men for all intervals. The 10-year CVD risk was higher in men than that in women for all intervals (p for trend<0.001 men vs. women). The prevalence of ever-smokers decreased in men (p for trend<0.001), but increased in women (p=0.042). Systolic BP, diastolic BP, low-density lipoprotein cholesterol (LDL-C), DM, and hypertension showed a significantly different trend between the genders (p for trend<0.001 men vs. women). However, age, total cholesterol, HDL-C, and the proportion of current smokers were not significantly different between genders over time (Supplemental Table 1 , Figures 1-3) .
Supplemental Table 2 presents the trends of BMI and number of patients with a history of hypercholesterolemia and/or MI over the three intervals. The mean BMI and proportion of patients with a history of hypercholesterolemia increased over time, however they varied by time, and were different between genders (p for trend<0.001 men vs. women). The proportion of female patient with a history of MI was higher than male over time, but no significant difference of trend between each gender-specific trend was found ( Figure 4 ).
Supplemental Table 3 shows trends relating to the use of pharmacological treatments over time. The use of most of medications increased over time, but β-blockers dramatically declined after 2007 and ACE inhibitors after 2006 at both baseline and discharge. ACE inhibitor use and lipid lowering drug use on discharge significantly differed over time between the genders (p for trend=0.003 in ACE inhibitor, 0.016 in lipid lowering drug, men vs. women) ( Figure 5 ).
The average number of points that contributed to the total FRS for each component was plotted in Figure 3 . Age was not added to the plot because the average was around 5.5 to 6 points and was flat, so it hindered the ability to see the other trends. According to our plot, BP and HDL-C had the greatest influence on the FRS calculation.
DISCUSSION
Despite the decline of CHD mortality, CHD remains the one of major cause of mortality in America. However, few studies have reported on cvRF status of PCI patients, and pervious results have been controversial. One study reported a progressive rise in the risk profile of patients undergoing PCI [8] . Our large single-center registry study adds to the previous studies by reporting on the temporal trends and characteristics of cvRFs using recent data.
Identifying changes to underlying risk factors is important for future planning on medical policies and administration for prevention. cvRFs of CHD co-act to increase CHD risk [9] . Therefore, integrated predictors or indicators for clinical and epidemiological evaluation and the prediction of disease status and prognosis are needed.
In this study, we revealed a decreasing trend for the FRS and 10-year CVD risk over time, likely due to the significant decrease in BP and increase in HDL-C as a result of medication effects or therapeutic interventions. We have suggested this relationship by analyzing the trend of each cvRF and the changes to the contribution of each risk factor to the total FRS by year.
The concept of cvRFs and the FRS has lead to the development of effective managements and preventive intervention in clinical management and the ability to estimate global risk scores of CHD. The FRS [10] is usually used score to estimate an 10-year risk of CVD. But, in spite of the ready used application of the FRS, it can be limited to apply the certain patients [11] . Atherosclerosis often does so as a life-threatening condition (examples, acute MI or stroke). Some of them previously would have been grouped as at low or moderate risk by the FRS [12] . Our results also suggest that there are limitations and in applying the FRS to PCI patients.
We found that the FRS had a higher trend in women than men; however, the 10-year CVD risk remained higher in men than did women over time. The data regarding gender variation, mechanism, and outcome effect with CHD are very complicated and controversial [13] . The mechanism underlying the 10-year lag in CHD development in women is not completely understood, but may be related, at least in part, to the protective effects of endogenous estrogen in premenopausal women. Overall, the risk factor prevalence in women was higher than that in men. The risk factor prevalence in female should be much higher than that in male to lead to the onset of CHD at the same age as in male, because CHD typically appears 10 years later in female [14] .
Over time, the mean age that patients underwent PCI became older in our study. Advancing age is a contributing factor for the development of CHD in men and women [15] . Female tend to comprise the majority of older adults, and this demographic change has important implications for providing health care. This trend in increasing age over time may have originated because age increases the absolute baseline risk; therefore, risk factor free patient will tend to present for a PCI at a much older age once their absolute baseline risk increases sufficiently to evoke a significant disease prevalence [16] . Moreover, this result may have been due to a survivor bias because patients with traditional risk factors tend to expire at more young age than those without traditional risk factors do [16] .
Systolic BP is the most prominent risk factor as a target for treatment and for prognosis [17] . Combined systolic and diastolic hypertension and isolated systolic hypertension are documented risks for morbidity and onset of CHD in both genders [18] . In this study, BP declined rapidly, however the presence of hypertension increased continuously over time because hypertension was defined as a documented history of hypertension being treated with medication. Our result also showed that the trend for systolic BP, diastolic BP, and hypertension were significantly higher in women than that in men. These results are similar with those at the national level. The incidence of hypertension in whole life has been rising in 10-year recently and is now 90% in the US [19] . A national study of the US (NHANESA) from 2005 to 2008 reported that 33.5% of the US adults 20 years old or more have hypertension, and the hypertension prevalence is almost same status between the genders [9] . Moreover, the prevalence of hypertension tends to increase with age and reaches nearly 57% in male and 61% in female in those 65 to 74 years in the US [15] . Glaser et al. [20] from the Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or Conservative Strategy-Thrombolysis in Myocardial Infarction 18 (TACTICS-TIMI 18) study reported that women patients were older and had higher rates of hypertension than the men did.
In this study, total cholesterol and LDL-C decreased continuously over time, but HDL-C increased overall. These results were consistent with that of previous studies. In the INTER-HEART study, dyslipidemia was the most important CVD risk factor [3] . Dyslipidemia is defined by increased triglyceride levels (≥150 mg/dL), decreased HDL-C levels (<40 mg/dL), and increased LDL-C [17] . Hypertriglyceridemia also is known as an Year independent CHD risk factor. Because it was associated with increased status in atherogenic particles. LDL-C also are strong atherogenic and lead to rapid onset of CHD. The Adult Treatment Panel III suggested a fasting triglyceride objective of <150 mg/dL [21] . Many kinds of epidemiologic studies have demonstrated conclusive evidence that low status of LDL-C improves the patient's prognosis of CHD [22] . The risk of CVD and death all-cause improved in rate to the decrease in LDL-C levels achieved during management [23] .
Approximately 15% of the US adults 20 years of age or older have total cholesterol levels≥240 mg/dL [9] . In our PCI patients, the prevalence of hypercholesterolemia was average at 78.0%. The proportion of all patients with a history of hypercholesterolemia increased over time, and this trend differed between genders.
Systolic BP dramatically declined at two critical points in 1997 and 2003. Diastolic BP also declined in a similar pattern with systolic BP, and these two critical points were the same points when the hypertension guidelines changed. The Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults were published in 1998. We believe that by following the updated hypertension guidelines toward medication use, blood pressure and lipid profiles improved in our study population.
DM contributes to raised morbidity and mortality, and contributes to CVD complications [24] . DM patients are at markedly increased risk of CHD, silent myocardial ischemia and MI [17] . Additionally, DM patients are prone to hypertension cause by increased activity in the renin-angiotensin-aldosterone system, salt retention, and highly stimulated sympathetic nerve system. Within the population, the proportion of patients who develop diabetes is increasing in recent decades [25] . In 2008, the American Heart Association estimated that there are 18 300 000 DM patients in the US, representing 8% of the adult population, and that the prevalence of DM is dramatically increasing [9] . Statistics report that two epidemics of obesity and DM may see a reversal in the dramatic improvement made against CVD in 10-year recently [17, 22] . The dramatic elevated in obesity over the two decade has led to an increase in type 2 women DM [15] . The proportion of DM increased 7.0% (men 9.0%, women 3.0%) per year between 1994 to 1999 and 2006 to 2010. Gandhi et al. [26] reported that the proportion of MI with DM elevated 3% in one year from 1979 to 1998 in Olmsted County, Minnesota. It is consistent with other studies that the prevalence of DM in female is higher than that in male, so DM is a strong risk factor in female [27] . However, in this study, the proportion of DM patients is increasing at a faster rate in men than that in women; relative changes from 1994-1999 to 2006-2010 were 9.0% in men, 3.0 % in women.
The long-term health effects of smoking on CVD are serious, and a dose-response relationship was known between the status of smoking and the incidence of MI [3] . Cigarette smoking is harmful at any age. Furthermore, smoking acts synergistically co-act with other traditional cvRFs to dramatically increase the risk related with each risk factor individually [28] . In this study, although the prevalence of current smokers was stable over time, the prevalence of ever-smokers decreased in men patients (p<0.001), but increased in women patients (p=0.042). Our results were inconsistent with a report from 2005; the temporal decrease in smoking showed among MI patients is consistent with the general population over the past few decades [29] . Despite four decades of progress, 21% of male and 17.5% of female continued smoke cigarettes among all American ≥ 18 years of age as of 2010 [9] .
Excess weight is independently associated with increased CHD risk in both genders [30] . A high BMI was most important contributing factor of mortality from CVD [31] . BMI has reported a graded inter-relationship with MI [17] . Obesity also explains the increasing prevalence of acute MI in younger patients [32] . Obesity in abdomen has been connected with metabolic disorder, such as hypertriglyceridemia, hyperinsulinemia, insulin resistance, hypertension, and DM. The temporal increases in obesity observed for MI cases are consistent with trends over time in recent decades [29] . There has been a dramatic epidemics in overweight and obesity over the past 25 years in the America [33] , with the obesity rate among the adult population having risen from 15% in 1980 to 34% in 2008 [34] . In our population PCI patients, mean BMI increased over time in the total population and in men and women separately. Nevertheless, the trends and clinical meaning of these trends for PCI patients remain vague.
It also is important to recognize the trend of medication therapy over time among our PCI patients, particularly isch-emic events after PCI are commonly associated with thromboembolism [35] . We identified the trends of pharmacological drugs for treatment over time. The use of most of medications increased over time, however β-blocker and ACE inhibitor use dramatically declined after 2007 and 2006, respectively, at baseline and upon discharge. The results showed significant trend difference between men and women in the use of ACE inhibitor and lipid lowering drugs at discharge. Increasing trend of drug use was consistent with the results of other studies. In community study, the trends of temporal medication use increased, and earlier studies suggested a low status of using evidence-based management after MI, especially among older people, women, and DM patients [36] . Women have been found less likely than men are to receive thrombolytic therapy, aspirin, heparin, and β-blockers [37] . Perschbacher et al. [36] reported the application of ACE inhibitors, aspirin, and β-blockers to average 42%, 75%, and 44% using administrative data (1994 to 1997) and 72%, 91%, and 33% according to community surveillance studies (1993 to 1998), respectively. In this study, use of ACE inhibitors and β-blockers in PCI patients increased over time, but abruptly declined after 2006 and 2008, respectively. This situation can be due to discourage application of β-blockers and replaced ACE inhibitors by angiotensin receptor blockers. It have been proposed to include β-blockers in hypertension guidelines as a first therapeutic choice for over 30-year. However, controversy over the use and effectiveness of β-blockers in CVD exist. Currently, older β-blockers are not typically a first choice in the treatment of primary hypertension because of various controversies and introduction of novel drug [38] . Based on evidence from randomized clinical trials, the American College of Cardiology and American Heart Association guidelines recommend the application of ACE inhibitors in chronic heart failure or MI and left ventricular dysfunction patients, while angiotensin receptor blockers are reserved for those who cannot treat ACE inhibitors [39] . Angiotensin receptor blockers afford well-known efficacy and indication that make sure their many medication alternatives, including those subject to the adverse effects of ACE inhibitors medication [40] .
This study could limit its broad application and generalization because of a retrospective analysis from a single institution, but represents the largest temporal trends analysis of coronary risk factors in patients undergoing PCI over time. We did not comment on trends in genetic factors, related environmental factors, other conventional risk factors, and clinical characteristics and outcomes. Our study cannot rule out selection bias as the patients referred for tertiary-level care centers may include more severe cases of CHD than that in the general population. Since the FRS commonly estimate risk in the healthy person, PCI patients will show an essentially higher risk score than that in the general people. Therefore, the result of this study should be further examined in different another settings. The quality of our data relies on the quality of the hospital coding of the PCI registry. There can be some miscoding and reporting errors of cvRFs and related data. The characteristics of this study were described as natural and controlling for confounder like sex or age was not performed. Further studies are needed to identify these differences.
We have demonstrated that the FRS, 10-year CVD risk, BP, and lipid profiles improved over time in patients who underwent a PCI. The age distribution significantly shifted toward older age with time, but the gender distribution did not changed. However, obesity, history of hypercholesterolemia, and comorbidities like hypertension and diabetes increased substantially. The decreased overall CVD risk likely originated from the significant improvement in the BP and lipid profiles due to medication use. Furthermore, we observed that the FRS, 10-year CVD risk, systolic BP, diastolic BP, LDL-C, DM, hypertension, BMI, and history of hypercholesterolemia had a significantly different trend between men and women. However, age, total cholesterol, HDL-C, and the proportion of current smokers did not change with time. The use of most of the medications markedly increased over time; however, β-blockers and ACE inhibitors dramatically declined. Moreover, a significant trend difference between the genders in the use of ACE inhibitor and lipid lowering drug on discharge was found.
Thus, the results of our study suggest that future studies and clinical and public interventions are needed to evaluate these differences. Values are presented as mean±SD or number of patients (%).
Supplemental
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A linear regression analysis was used to assess the trend for continuous variables, and the Cochran-Armitage trend test was used for the comparison of proportions. 2 Hypercholesterolemia was defined that a total cholesterol blood level≥240 mg/dL. 3 A history of myocardial infarction was defined as a myocardial infarction event within 7 days of the percutaneous coronary intervention. 
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